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[0001]   The United States Government has rights in this invention pursuant to the 
employer-employee relationship between the U.S. Government and the inventor in 
addition to other contractual agreements. 
 
[0002]     This application claims priority from provisional patent application 60/908,697 
filed on March 29, 2007. 
 
BACKGROUND OF THE INVENTION 
 
Field of the Invention 
[0003]   This invention relates to a process and a device for the removal of contaminants 

from gas generated by the gasification of fossil fuels and, more particularly, this 

invention relates to a method and device for removal of HCl with a regenerable sorbent 

and  simultaneous extraction of hydrogen chloride compounds and hydrogen sulfide 

from fuel gas. 

 Background of the Invention 
[0004]   A large number of components in coal and other carbon-base fuels form 

corrosive and toxic compounds during the gasification processes. Treatment systems for 

removal of these contaminants utilize wet or dry scrubbing systems wherein compounds 

are added to remove these corrosive or toxic compounds.  According to estimates, 

contaminants have to be reduced to parts per million (ppm) range and preferably in the 

parts per billion (ppb) range in order to utilize gasification gas streams in many 

applications. Even more stringent requirements are expected if the fuel gas is to be 

utilized in chemical production applications. Hydrogen chloride and hydrogen sulfide are 

two corrosive compounds that need to be removed from the coal gas streams.  In order 
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to provide an economical process as well as an environmentally friendly process from 

the perspective of waste products generated, it would be preferable to use a regenerable 

sorbent. There are no regenerable warm/hot gas clean up sorbents that can remove the 

hydrogen chloride levels at warm gas temperatures. There are disposable sorbents for 

HCl removal. Disposal problems associated with disposable sorbents can be eliminated 

by developing a regenerable sorbent. The coal gas could be utilized in many 

applications such as fuel cells and chemical co-production if the hydrogen chloride in the 

gases could be removed to below 1 ppmV range while meeting future environmental 

regulations. So the product from this project will benefit industry.    

[0005]   There are no regenerable sorbents reported in the literature for HCl removal at 

warm (200°- 450°C) or hot gas temperatures (>450°C). The re are no multi functional 

sorbents reported in the literature to remove both H2S and HCl simultaneously.  

Utilization of a multi-functional sorbent to remove both H2S and HCl simultaneously will 

minimize the number of steps involved in the process and contribute to lower cost of 

operation. 

[0006]   A need exists in the art to provide a method and process for the removal of HCl 

and H2S resulting from gasification of coal simultaneously and reuse the material for 

multiple cycles. 

 
SUMMARY OF THE INVENTION 

 
[0007]   An object of the present invention is to provide a method and device for 

removing impurities such as HCl generated during coal gasification process that 

overcomes many of the disadvantages of the prior art. 

[0008]   These and other objectives of the invention, which will become apparent from 

the following description, have been achieved by a novel system for the sorption of HCl 

and H2S.  The process discussed herein for removing hydrogen chloride from a gas 

stream comprising, providing a first gas steam containing at least 5 ppm of hydrogen 

chloride; exposing the gas stream to a sorbent containing from about 5 wt. % to about 

99.5 wt% manganese oxide; producing a second gas stream containing less hydrogen 

chloride than the first gas stream; and exhausting the second gas stream. Typically, the 

first gas stream is between about 200°C and about 7 00°C and preferably between about 

315°C and about 500°C.  Further, the sorbent is reg enerated by the process of 

increasing the temperature of the sorbent to greater than 500°C and exposing the 

sorbent to a gas containing at least 2 wt. % oxygen for at least about 10 minutes.  The 
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process of simultaneous removal of hydrogen sulfide and hydrogen chloride providing 

the gas stream contains at least 5 ppm HCl and 5 ppm H2S; exposing the gas stream to 

a sorbent containing from about 5 to 99.5 wt% manganese oxide. 

[0009]     A novel regenerable HCl removal sorbent is disclosed herein. There are 

disposable costs involved with non regenerable sorbents. This is a big advantage of the 

regenerable sorbents. The HCl removal capacity of the regenerable sorbent is 

comparable to those of the non-regenerable sorbents. The conditions for regeneration 

with oxygen are very similar to the conditions used for H2S removal used in coal 

gasification. So there will be no additional costs involved in the regeneration. The future 

goal of coal gasification systems is to utilize multi functional sorbents. Since the 

regeneration and absorption conditions are very similar for both sulfur and chloride 

removal sorbents it would be easier to design a multi functional system. The regenerable 

HCl sorbent that is described in this patent application can also remove H2S and can be 

regenerated using oxygen. Therefore, the sorbent can be utilized as a multi functional 

regenerable sorbent to remove both HCl and H2S simultaneously. 

 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWINGS 
 
[0010]   With this description of the invention, a detailed description follows with 

reference being made to the accompanying figures of drawings which form part of the 

specification, in which like parts are designated by the same reference numbers, and of 

which: 

 
[0011]   Fig. 1 is a graph of the Concentration of HCl as a Function of Time During the 

half-Cycle Bench Scale Flow Reactor Test at 315°C ( Inlet Concentration of HCl -150 

ppm and 3000 ppm after 4 hours); 

 
[0012]   Fig. 2 is a graph of the Concentration of HCl as a Function of Time during the 

half-Cycle Bench Scale Flow Reactor Test at 400°C ( Inlet Concentration of HCl -150 

ppm and 3000 ppm after 4 hours); 

 
[0013]   Fig. 3 is a graph of the Concentration of HCl as a Function of Time during the 

half-Cycle Bench Scale Flow Reactor Test at 500°C ( Inlet Concentration of HCl -150 

ppm and 3000 ppm after 4 hours); 
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[0014]   Fig. 4 is a graph of the Concentration of HCl as a Function of Time during the 

atmospheric 5-Cycle Bench Scale Flow Reactor Test at 400°C (Inlet Concentration of 

HCl -150 ppm and 3000 ppm after 4 hours); 

 
[0015]   Fig. 5 is a graph of Chlorine Concentration as a Function of Time during 

Sorbent Regeneration at one atmosphere after HCl sorption at one atmosphere; 

 
[0016]   Fig. 6 is a graph of temperature profile as a Function of Time during Sorbent 

Regeneration at one atmosphere; 

 
[0017]   Fig. 7 is a graph of Concentration of HCl during high pressure sorption cycle in 

a bench flow reactor test (Inlet gas composition: 150 ppm HCl in simulated Eastman coal 

gas 400°C, 1876 hr-1, 280 psi); and 

  

[0018]   Fig. 8 is a graph of the Concentration of chlorine during regeneration test after 

high pressure sorption cycle (Regeneration test condition- 500°-700°C, 976 hr-1, 52 psi ). 

Detailed description of the invention  

[0019]   As shown by the following discussion a regenerable sorbent has been identified 

for the absorption of either HCl or both HCl and H2S. Manganese oxide has been 

identified as the regenerable sorbent for the removal of HCl and H2S, as shown in the 

reactions listed below.  

 

HCl absorption reaction:  

MnO + 2HCl → MnCl2 + H2O       (1)  
 

Regeneration reaction:  
2MnCl2 + O2 → 2MnO + 2Cl2       (2)  
 

H2S absorption reaction:  

MnO + H2S → MnS + H2O       (3) 

Regeneration reaction 
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2MnS + 3O2 → 2MnO + 2SO2          (4) 

 

[0020]   Manganese oxides in other oxidation states may also participate in the reaction. 

These include but not limited to Mn2O3 and MnO2. 

[0021]   In the regeneration reaction of manganese chloride to form manganese oxide 

and chlorine as shown, it should be noted that reaction (2) has a negative Gibbs free 

energy value above 500°C. Thus the regeneration rea ction of reacted manganese oxide 

should be thermodynamically feasible. It should be noted that most metal oxides form 

stable metal chlorides with hydrogen chloride and are not regenerable. Manganese 

oxide is unique that the manganese chloride reacts with oxygen to form manganese 

oxide.  

Hydrogen Chloride Sorption tests with Thermogravime tric Analysis  

[0022]   Manganese oxide (MnO) powder was tested in a thermo gravimetric analyzer 

(TGA). The MnO was placed in the TGA and was heated to 315°C, 400°C and 500°C 

under nitrogen at 90 cc/min. Then a gas mixture consisting of 0.1 vol. % HCl, 39% H2 

and nitrogen was introduced to the sample for 8 hours. After the chlorination cycle was 

completed the sample was heated to 700°C and air wa s introduced for 275 minutes. 

Solid samples were collected at various stages of the reaction and total chlorine analysis 

was conducted on the solid sample using wet chemical methods.  The solid sample 

analysis was conducted both at NETL/U.S. department of Energy laboratory and at 

Galbraith laboratories Inc. The samples were also analyzed utilizing scanning electron 

microscopy/Energy dispersive analysis (SEM/EDS) and X-ray photoelectron 

spectroscopy (XPS).  SEM/EDS shows the chloride analysis near the surface while the 

XPS shows the Cl/Mn atomic ratio at the top surface (<50 A).  The solid analysis data at 

various stages of the reaction during a ten cycle test at 500°C are shown in Table 1. 
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Table 1  
Chloride Analysis During Multi Cycle Tests (500°C c hlorination & 700°C regeneration)  

No. of Cycles   Total Chloride (wt %)    Chloride by SEM/EDS       Surface Cl/Mn  by XPS                                                                           
0.5 (sorption)             13.26                    Detected                                                1.5  
1.0 (Regeneration)      0.01                        0                                                         0.1  
1.5 (sorption)             19.86                    Detected                                                1.5  
2.0 (Regeneration)      0.01                        0                                                         0.1  
9.5 (sorption)             12.16                    Detected                                                 1.8  
10.0 (Regeneration)    0.01                        0                                                          0.1  

[0023]   As shown in Table 1, during chlorination cycles the (0.5, 1.5 and 9.5 cycles) 

chlorine was detected. During regeneration cycles (1.0, 2.0, and 10.0 cycles) chlorine 

was not detected. The data obtained by total chlorine analysis using wet chemical 

methods, SEM analysis and XPS analysis were very consistent. The data confirmed that 

the sorbent can capture hydrogen chloride and it is regenerable.  

[0024]   The results of the total chloride analysis by wet chemical methods after the 

chlorination reaction conducted at all three temperatures (315°, 400° and 500 °C) and 

regeneration reaction conducted at 700°C are shown in Table 2.    

 

Table 2 

Analysis of Chloride in the solid samples after reactions at various temperatures 

Cycle No. 315°C 400°C 500°C 

0.5 (sorption) 5.7 10.4 16.8 

1.0 (Regeneration) 0.02 0.01 0.02 

1.5  (sorption) 5.9 - - 

2.5  (sorption) - 12.3 11.4 

9.5  (sorption) 6.5 17.0 19.1 

10.0(Regeneration) 0.02 0.02 - 

10.5 (sorption) - - 19.4 

0.5 (G 92 C  
disposable sorbent 
from Sud Chemie) 

10.8 10.2 5.0 
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The data in Table 2 indicated that the material can absorb HCl at 315°-500°C and could 

be regenerable. The amount of HCl uptake is very similar (or better) to the HCl uptake of 

the non regenerable commercial sorbent (G 92C) obtained from Sud Chemie as also 

shown in Table 2. 

[0025]   X-Ray diffraction analysis conducted on the material after reaction indicated the 

presence of various oxidation states of manganese in the oxides after regeneration. 

Bench-Scale Flow Reactor Tests with Hydrogen Chloride Sorbents 
 
[0026]   The sorbent pellets (2-3 mm) utilizing MnO were prepared for the bench scale 

flow reactor tests. Following procedure was utilized for the preparation of the pellets. 

 
Manganese oxide - 400 grams 

Bentonite              -   80 grams 

Drierite                  -   28  grams 

 
[0027]   The powders were mixed in a mixer pelletizer and sufficient water was gradually 

added to make 2-3 mm pellets. The sorbent was heated in the oven at 100°C for one 

hour and then at 400°C for 2 hours.  

[0028]   Sorbent pellets were tested in a bench-scale quartz flow reactor.  The reactor is 

a 2-inch diameter reactor with a 3-6-inch sorbent bed height.  Components of the other 

parts of the reactor were made with a special alloy material to avoid reaction with HCl.  A 

continuous flow ion mobility spectrometry detector system was utilized to measure the 

concentration of HCl and chlorine at the outlet of the reactor and the detector was 

calibrated to measure HCl levels to less than 500 ppb-level detection. 

[0029]   The sorbent bed had a weight of 245.8 g; it was heated to 315°C, 400°C, and 

500°C and pressurized to 25 psig.  The simulated IG CC gas mix utilized for chlorination 

cycles contained 18 percent by volume (vol. %) Nitrogen, 13 percent Carbon dioxide, 

38 percent Carbon monoxide, and 30.8 percent Hydrogen, mixed with HCl.  During the 

one-cycle tests the sorbents were exposed to a gas mix with 150 ppm HCl for 4 hours at 

315°C.  Then the HCl concentration was increased to  3000 ppm. The results of the half 

cycle tests conducted at 315°, 400° and 500°C are s hown in figures 1, 2, and 3. The 

results indicated that the sorbent can remove HCl to less than 1 ppm at 315°, 400° and 

500°C. 
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[0030]   A five cycle test was conducted at 400°C to establi sh the regenerability of the 

sorbent. The test conditions utilized during the five-cycle test were similar to that of the 

one-cycle tests.  However, during the first four cycles, 150 ppm HCl was introduced for 

8 hours at 400°C and the sorbent was regenerated.  For cycle 5, after exposing the 

sorbent for 150 ppm of HCl for 8 hours, the HCl concentration was increased to 

3000 ppm and the reaction with HCl was continued for an additional 4 hours.  The outlet 

concentration of HCl during a typical absorption cycle during the 5-cycle test, when the 

inlet concentration of HCl was 150 ppmv is shown in Figure 4.  The HCl removal 

efficiency was less than 1 ppm (less than 500 ppb a major portion of the times) during all 

the cycles but occasional HCl spikes were observed.  The reason for the HCl spikes was 

not clear but may be due to the desorption of HCl retained on the unit from prolonged 

use of the reactor unit during previous tests. 

[0031]   Regeneration was performed starting at 500 °C, at 2 5 psig, with three percent 

oxygen in nitrogen, with a space velocity of 2,000 h-1.  After each cycle during the five-

cycle test, regeneration was performed with oxygen.  The initial regeneration 

temperature was 500°C, but the temperature of the r eactor bed increased to about 

700°C.  The oxidative regeneration was started with  1.0 vol. % of oxygen and increased 

to three percent by the end of the regeneration cycle.  Total regeneration time was 

approximately 180 minutes.  Oxygen was fully consumed during regeneration cycle.  

Chlorine was detected during regeneration as shown in Figure 5. The regeneration 

temperature profile is shown in Figure 6.  Thus, the flow reactor test data confirmed that 

the sorbent is regenerable as was also observed during the TGA tests.  The temperature 

during the regeneration increased due to exothermic reaction.  The sorbent performed 

well during the five-cycle test.  The sorbent was able to remove the HCl from 150 ppm to 

less than 1.5 ppm during the tests.  In majority of the cycles the removal efficiency was 

less than 500 ppb. 

[0032]   Bench scale flow reactor tests with the MnO sorbent were also conducted at 

high pressure. The simulated IGCC gas mix utilized for chlorination cycles contained 

18 percent by volume (vol. %) Nitrogen, 13 percent Carbon dioxide, 38 percent Carbon 

monoxide, and 30.8 percent Hydrogen, mixed with 150 ppm HCl. The absorption cycle 

was conducted at 400°C and at 280 psi with a space velocity of 1876 hr-1 for 8 hours. 

Regeneration was performed with 2-3% oxygen at 976 hr-1 space velocity and at 52 psi.  

The initial regeneration temperature was 500°C, but  the temperature of the reactor bed 

increased to about 700°C during regeneration due to  exothermic reaction.  The results of 
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the absorption cycle during high pressure bench scale test is shown in Figure  7 and the 

HCl  removal efficiency was near zero during the absorption. Chorine was observed 

during regeneration as shown in Figure 8 and this indicated that the sorbent is 

regenerable after high pressure HCl capture.  

Reaction of sorbent with both HCl and H 2S –Multi functional sorbent 

[0033]   Manganese oxide has an ability to also absorb H2S and therefore can be utilized 

as a multi-functional sorbent to capture both H2S and HCl.  TGA tests were conducted to 

determine the multi functional ability of the sorbent to capture both H2S and HCl. 

Separate TGA tests were conducted with gas mixtures consisting of 300 ppm HCl in 

synthesis gas and 4000 ppm H2S in synthesis gas. The synthesis gas consisted of CO-

38%, H2-31%, CO2-13% and He. Flow rate of gas was 90 cc/min during the TGA tests. 

Then the gases were combined to obtain a mixture containing both150 ppm HCl and 

2000 ppm H2S in synthesis gas.  Then the sorbent was introduced to the gas mixture 

containing both H2S and HCl. Regeneration was conducted at 700°C with  air. Solid 

analysis for chloride and sulfur was conducted after sorption (cycle 2.5) and 

regeneration (cycle 3.0) at Galbraith laboratories Inc. The results with pure manganese 

oxide and manganese oxide pellets containing bentonite and drierite are shown in 

Tables 3 and 4 respectively. Chloride and sulfur were observed after sorption (2.5) 

cycles and minimal amount of chloride and sulfur were observed after regeneration (3.0) 

cycles. When both H2S and HCl were introduced simultaneously, absorption of both 

chloride and sulfur were observed and removal of these species were observed during 

regeneration as also shown in Tables 3 and 4. Results indicate that the sorbent can 

absorb H2S and HCl simultaneously and can be regenerated with oxygen.  Thus the 

sorbent has a multi functional use to remove both H2S and HCl. 
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Table 3 

TGA tests with manganese oxide utilizing both HCl and H2S containing synthesis gas 
and solid analysis for chloride and sulfur Sorption at 400°C and regeneration with air 
at 700°C 

Number of cycles H2S and HCl  

Composition in syn gas 

Solid 
analysis –
Chloride 

Solid 
analysis – 
Sulfur 

Sorption cycle 2.5 4000 ppm H2S N.A. 2.5% 

Regen. cycle 3.0 4000 ppm H2S/air N.A. <0.6% 

Sorption cycle 2.5 300 ppm HCl 954 ppm NA 

Regen. Cycle 3.0 300 ppm HCl/air < 125 ppm NA 

Sorption cycle 2.5 2000 ppm H2S /150 ppm 
HCl 

964 ppm 1.65% 

Regen. Cycle 3.0 2000 ppm H2S /150 ppm 
HCl/air 

<111 ppm <0.9% 

Table 4 

TGA tests with manganese oxide sorbent pellets with bentonite and drierite and 
solid analysis for chloride and sulfur 
Sorption at 400°C and regeneration with air at 700°C 

Number of cycles H2S and HCl  

Composition in syn gas 

Solid 
analysis-
Chloride 

Solid 
analysis-
Sulfur 

Sorption cycle 2.5 150 ppm HCl 0.25% NA 

Regen. Cycle 3.0 150 ppm HCl/ air 906 ppm NA 

Sorption cycle 2.5 2000 ppm H2S /150 ppm 
HCl 

0.17% 2.81% 

Regen. Cycle 3.0 2000 ppm H2S /150 ppm 
HCl/air 

286 ppm 1.39% 
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Alternative versions and/or uses of the invention.  

[0034]   The sorbent can be used for any HCl removal process or simultaneous removal 

of both H2S and HCl. In addition to coal gasification, processes that involve either HCl 

removal or simultaneous HCl and H2S removal from gas streams such as land fill natural 

gas and fuel gas from bio mass gasification.  

 [0035]   The regenerable sorbents for HCl removal are not reported in the literature. The 

HCl capture sorbent containing manganese oxide developed in this work is unique that it 

is regenerable. It is also unique that the MnO containing material can remove HCl at 

warm gas temperatures (315°-500°C) and regenerable with oxygen at 700°C making it 

suitable for coal gasification gas stream clean up systems. Since the sorbent is 

regenerable it will minimize the costs involved with land fills/disposal that will be 

encountered with the non-regenerable sorbents. It is also unique that the sorbent can 

simultaneously remove both H2S and HCl and can be regenerated. The sorbent can be 

operated at temperature from about 315°C to about 7 00° C making it suitable for either 

HCl or both HCl/ H2S removal from warm/hot gas streams. 

Use in industry  

[0036]   If gasification processes are to be successful all the contaminants in the gas 

stream have to be removed. HCl is one of the major contaminants and removal of HCl is 

critical. So the invention will have use in both government and industry. In addition the 

sorbent can be used as a multi functional sorbent to remove both H2S and HCl 

simultaneously from gas streams that will minimize the units necessary for gas clean up.  

Since the sorbent is regenerable it will minimize the disposal costs.  

[0037]     Although the invention has been described above in relation to preferred 

embodiments thereof, it will be understood by those skilled in the art that variations and 

modifications can be affected in these preferred embodiments without departing from the 

scope and spirit of the invention. 
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ABSTRACT 
 
 
 
A novel regenerable composition for removing hydrogen chloride and hydrogen sulfide  
 
from a gas stream, the sorbent comprising a mixture containing from about 5 wt%  
 
manganese oxide to about 99 wt.% manganese oxides where manganese can exist in  
 
various oxidation states.  
 
 


